This study reports consumer reactions to the graphic health warnings selected by the Food and Drug Administration to be placed on cigarette packs in the United States. We recruited three sets of respondents for an experimental study from a national opt-in e-mail list sample: (i) current smokers aged 25 or older, (ii) young adult smokers aged 18-24 and (iii) youth aged 13-17 who are current smokers or who may be susceptible to initiation of smoking. Participants were randomly assigned to be exposed to a pack of cigarettes with one of nine graphic health warnings or with a text-only warning statement. All three age groups had overall strong negative emotional (ß ¼ 4.7, P < 0.001 for adults; ß ¼ 4.6, P < 0.001 for young adults and ß ¼ 4.0, P < 0.001 for youth) and cognitive (ß ¼ 2.4, P < 0.001 for adults; ß ¼ 3.0, P < 0.001 for young adults and ß ¼ 4.6, P < 0.001 for youth) reactions to the proposed labels. The strong negative emotional and cognitive reactions following a single exposure to the graphic health warnings suggest that, with repeated exposures over time, graphic health warnings may influence smokers' beliefs, intentions and behaviors.
Introduction
The Family Smoking Prevention and Tobacco Control Act (Public Law 111-31) enacted in 2009 granted the Food and Drug Administration (FDA) important new authority to regulate the manufacture, marketing and distribution of tobacco products to protect the public health generally and to reduce tobacco use by minors. Section 201 of the Act amends the Federal Cigarette Labeling and Advertising Act (FCLAA) (15 USC 1333) and requires the FDA to issue 'regulations that require color graphics depicting the negative health consequences of smoking to accompany' nine warning statements (see Supplementary Appendix Table  AI for a list of all warning statements). The nine new graphic warning labels selected by the FDA must appear on at least 50% of the front and back of all cigarette packs and cartons sold in the United States. In addition, the new graphic warnings must cover at least 20% of the area of all cigarette advertisements. The new warning labels were scheduled to be implemented on packs and advertisements in September 2012. However, because of legal challenges to the warning labels by tobacco companies, the implementation of warning labels is uncertain.
Health warnings on cigarette packs and cartons can serve as an important source of information for smokers and non-smokers alike. Smokers are exposed to cigarette packs multiple times per day, which translates into potentially thousands of exposures to a health warning each year. These exposures happen at the time the smoker smokes a cigarette [1, 2] .
A growing evidence base supports the use of large pictorial health warning labels over text-only warnings [3] . Countries that have implemented large pictorial warnings have reported higher levels of awareness of the labels compared with countries having smaller text-only warnings [4] [5] [6] [7] . Adults and youth report that graphic warning labels are a credible source of information about the health risks of smoking [3] . Indeed, a number of studies provide evidence on the effectiveness of health warnings to improve understanding of the health risks of smoking [3] [4] [5] . Graphic warnings have been shown to increase smokers' self-reports of reducing consumption, increasing their likelihood of quitting, increasing their motivation to quit and increasing the likelihood of remaining abstinent from smoking [4-6, 8, 9] . Graphic warning labels may also reduce demand for cigarettes [10] , promote calls to quitlines [11] [12] [13] and prevent youth from smoking initiation [14] .
Evidence suggests that graphic health warnings that elicit emotional arousal or fear are more likely to be effective than health warnings that convey information in a more emotionally neutral manner [3, 15, 16] . Empirical evidence specific to graphic health warnings is limited in terms of establishing a relationship between immediate reactions to labels (e.g. emotional, cognitive) and subsequent downstream outcomes, such as beliefs, intentions and behaviors. However, theoretical [17] [18] [19] and empirical evidence [20] [21] [22] on the impact of advertisements suggests that immediate reactions can be causal antecedents to behavior change.
The FDA developed a number of graphic health warnings that varied in style and content to depict the negative health consequences of smoking. In 2010, the FDA conducted multiple experiments using 36 graphic health warnings with members of a national Internet panel to assess the relative efficacy of those warnings at drawing attention to cigarette warnings, increasing recall of warning information, heightening awareness of the health risks of smoking and influencing behavioral intentions regarding smoking initiation and cessation. After assessing the results of the multiple experiments it conducted, the FDA selected nine graphic health warnings to be placed on cigarette packs and advertisements.
One recent study assessed participants' self-reported perceived effectiveness of the 36 graphic health warnings developed by the FDA [23] . This study had participants rate effectiveness on a scale of 1-10 along four dimensions: increase concerns about health risks; motivate smokers to quit; prevent youth from smoking and overall effectiveness. A single scale was created by taking the mean of the scores on each dimension. In this study, a quitline number was added to the graphic health warnings. In addition, the FDA labels were compared with labels used in countries other than the United States. They found that youth and adults rated labels similarly, with youth sometimes rating them as more effective. Though most FDA-selected labels were rated as effective, labels from other countries were often rated higher. Including the quitline number as well as depiction of real people and health effects were found to increase participant's rating of effectiveness. Another recent study [24] assessed the effect of the FDA graphic health warnings on young adults self-reported thinking about not smoking. They found that young adults exposed to the graphic health warnings were more likely to report that graphic health warnings would make them think about not smoking. This article provides additional evidence on consumer reactions to the graphic health warnings that were selected by the FDA to be placed on cigarette packs in the United States. In contrast to the study by Hammond et al. [23] , this study focuses on negative emotional and cognitive reactions to the graphic health warnings. Also, rather than analyzing each label separately, in this article we analyze the set of labels for each warning statement as a group.
Methods

Study design
An experimental study was conducted across nine warning statement on cigarette packs in each of three groups of participants: (i) current smokers aged 25 or older, (ii) young adult smokers aged 18-24, and (iii) youth aged 13-17 who are either current smokers or non-smokers who may be susceptible to initiation of smoking. Adults and young adults were defined as smokers if they responded that they smoked every day or some days. Youth were defined as current smokers if they reported smoking during the past 30 days. Youth were defined as susceptible to smoking if they had not Reactions to graphic health warnings in the United States smoked in the past 30 days and answered 'definitely yes, probably yes or probably not' to any one of the following questions: 'Do you think you will smoke a cigarette anytime during the next year?'; 'Do you think you will try a cigarette soon?'; and 'If one of your best friends offered you a cigarette, would you smoke it?' [25] Participants were drawn from Research Now's e-Rewards online member panel, a national opt-in e-mail list sample; 13 500 participated in the experiments.
Each participant was randomly assigned to view either one of the nine graphic health warnings or a text-only warning. Participants were exposed to either a hypothetical pack of cigarettes with a graphic warning label appearing on the top 50% of the front and back display panels or to a hypothetical pack with no warning image and just the warning statement presented in the style or format of the current standard warning (see Supplementary Appendix Table AII ). Each participant viewed several screen shots of the front of the pack and could view the images for as long as desired. After being shown the cigarette pack with a graphic warning label or warning statement, participants completed a survey about their reactions to the cigarette package, related attitudes and beliefs and intentions to quit (young adults and adults) or start smoking (youth). Participants were not allowed to return to the image at any point after moving forward to the survey.
Dependent measures
Negative emotional reactions were measured by asking participants 'How much did the pack of cigarettes make you feel' a certain emotion using a fivepoint Likert Scale from 'Completely' (0) to 'Not at all' (4). Seven emotions were presented: (i) depressed, (ii) worried, (iii) guilty, (iv) discouraged, (v) disgusted, (vi) sad and (vii) uneasy. The ratings for the seven items were then summed to create a single negative emotional response scale ranging from 0 to 28.
Cognitive reactions were measured by asking participants 'How much do you agree or disagree with each of the following statements' using a five-point Likert Scale from 'Strongly disagree' (0) to 'Strongly agree' (4). Five statements were presented: (i) the pack is worth remembering, (ii) the pack grabbed my attention, (iii) the pack is informative, (iv) the pack is meaningful and (v) the pack is believable. The ratings for the five items were then summed to create a single cognitive response scale ranging from 0 to 20.
Beliefs about health risks to smokers were measured by asking participants 'How likely do you think it is that a regular smoker would' experience a specific health outcome using a five-point Likert Scale from 'Not at all likely' (0) to 'Extremely likely' (4). Five outcomes were presented: (i) get cancer, (ii) have fatal lung disease, (iii) have heart disease, (iv) have a stroke and (v) become addicted. The ratings for the five items were then summed to create a single belief about health risks to smokers scale ranging from 0 to 20.
Beliefs about health risks of secondhand smoke to non-smokers were measured by asking participants 'How likely do you think it is that regularly breathing secondhand smoke from cigarettes would cause' a specific health outcome using a five-point Likert Scale from 'Not at all likely' (0) to 'Extremely likely' (4). Four outcomes were presented: (i) non-smokers to get cancer, (ii) non-smokers to have fatal lung disease, (iii) non-smokers to get heart disease and (iv) children to have respiratory or breathing problems. The ratings for the four items were then summed to create single beliefs about health risks to non-smokers scale ranging from 0 to 16.
Independent measures
The key explanatory variable was an indicator for whether the participant was assigned to the treatment group (exposed to a pack of cigarettes with warning image and statement) or the control group (exposed to a pack of cigarettes with warning statement alone).
Covariates
We included as control variables age, gender, race/ ethnicity, education, income and plans to quit smoking. We also included a dichotomous indicator for J. M. Nonnemaker et al.
each of the eight warning statements to control for the statement the respondent saw. The statement 'Cigarettes are addictive' was the referent. Age was included as a continuous measure. Gender was included as a two-level indicator, with males serving as the referent group. Race/ethnicity was controlled for using a four-level indicator with white (non-Hispanic) as the referent along with indicators for black/African American, Hispanic and all other respondents. The highest educational attainment of respondents was dichotomized into an indicator splitting those with some college education or less and those with an undergraduate degree or more. Respondents' annual household income was controlled for with a four-level indicator with those reporting annual income of less than $25 000 as the referent along with indicators for those earning between $25 000 and $49 999, $50 000 and $74 999 and those earning $75 000 or more. Intention to quit in the next 30 days was controlled for with a dichotomized indicator. Those reporting that they did not intend to quit in the next 30 days were coded as the referent.
Statistical analyses
To assess the impact of the set of warning images on the various dependent measures, we pooled responses across the nine warnings and used ordinary least squares (linear) regression analysis. The regression model for the adult and young adult samples controlled for exposure to a graphic health warning label, the warning statement shown, age, gender, race/ethnicity, education, income and plans to quit smoking. For analyses of the youth sample, models excluded education, income and plans to quit smoking but included an indicator for having smoked in the past 30 days.
The estimated coefficient for the variable measuring exposure to graphic health warnings in each of the models represents the effect of exposure to the warning image and statement relative to the warning statement alone (text only) on the dependent measures.
All analyses were conducted in Stata 12 (College Station, TX, USA) with robust standard errors.
Results
Descriptive
The adult sample included 4890 current adult smokers aged 25 or older, roughly evenly distributed by gender with 49.4% of the sample being male and 50.6% being female ( Table I ). The majority of the adult sample was white (77.9%), held at least a bachelor's degree (53.4%), and reported annual household income of $50 000 or more (63.9%). A majority of the adult sample was not considering quitting smoking at the time of the survey (72.8%), and only 39.9% reported being somewhat or very likely to attempt to quit smoking within the 30 days post-exposure.
The young adult sample included 4584 current smokers aged 18-24. The majority of the sample was male (53.8%), white (65.2%) and reported annual household income of less than $50 000 (64.8%). Only 30.8% held a bachelor's degree or higher. At the time of the survey, 68.2% of respondents in the young adult sample reported not intending on quitting smoking in the next 30 days, and 46.9% said it was somewhat or very likely that they would attempt to quit smoking within the next 30 days post-exposure.
The youth sample comprised four thousand six hundred 13-to 17-year-old current smokers or those susceptible to smoking initiation. The majority of the sample was male (52.7%) and white (68.7%). Seventy-six percent of the youth sample were current smokers and24% were susceptible to smoking. Figure 1 presents the mean and range for each outcome. In the adult sample, the mean and range of scores for the four scales (negative emotional reactions, cognitive reactions, beliefs about health risks to smokers and beliefs about health risks of secondhand smoke to non-smokers) were 9. 
Regression results
Linear regression results are presented in Tables II and  III. Table II presents findings for the negative  emotional and cognitive reaction scales and Table III presents findings for the health belief scales.
Negative emotional reactions
In adults, exposure to graphic warning images was associated with an increase of 4.7 points in negative emotional reaction scale scores (P < 0.001) (see Table II ). When compared with men, adult woman had significantly higher negative emotional reaction scale scores (P < 0.001). Moreover, those reporting annual household income between $25 000 and $49 999 (P < 0.05), between $50 000 and $74 999 (P < 0.01) and higher than $75 000 (P < 0.001) had higher scores than adults reporting less than $25 000. Adults with intentions to quit smoking in the next 30 days had significantly higher scores than those with no intention to quit (P < 0.001). Young adults exposed to warning images also had significantly higher negative emotional reaction scale scores, approximately 4.6 points greater than young adults exposed to a warning statement only (P < 0.001). Females' negative emotional reaction scale scores were significantly higher than males' scores (P < 0.05). Additionally, Hispanics (P < 0.01) and those not white, black or Hispanic (P < 0.001) had significantly higher scores than white young adults. No association between negative emotional reaction scale scores and income was seen in the young adult sample. Young adults reporting that they intend to quit smoking in the next 30 days had significantly higher negative emotional scale scores than their counterparts with no such intentions (P < 0.001).
The effect of exposure to graphic health warnings on negative emotional reaction in the youth sample was also positive and significant. Youth exposed to a warning image had scores 4.0 points greater than youth exposed to a warning statement alone (P < 0.001). Additionally, female youth had significantly higher scores than male youth (P < 0.001).
Cognitive reactions
Adults exposed to warning images had cognitive reaction scale scores 2.4 points higher than those Reactions to graphic health warnings in the United States exposed to a warning statement alone (P < 0.001). Women's cognitive reaction scale scores were significantly higher than men's scores (P < 0.05). Furthermore, adults intending to quit smoking in the next 30 days had significantly higher scores than their counterparts (P < 0.01). Among young adults, exposure to warning images was associated with scores 3.0 points higher than exposure to a warning statement alone (P < 0.001). Black (P < 0.05) and Hispanic young adults (P < 0.01) had significantly higher cognitive reaction scale scores than white young adults.
Young adults reporting household annual income of more than $75 000 had significantly higher scores than those reporting less than $25 000 (P < 0.05). Quit intentions was associated with significantly higher scores (P < 0.01).
In youth, exposure to graphic health warnings was positive and significant, increasing cognitive reaction scale scores by 4.6 points (P < 0.001). Additionally, youth who reported smoking in the past 30 days had significantly higher cognitive reaction scale scores than those who did not (P < 0.05). P-values in parentheses. *P < 0.05, **P < 0.01, ***P < 0.001.
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Beliefs about health risks to smokers
Adults exposed to graphic health warnings had significantly higher scores on the beliefs about health risks to smokers scale than adults seeing a warning statement only (P < 0.01) (see Table III ). Women had significantly higher scores than men, and adults intending to quit smoking in the next 30 days had significantly higher scores than those not intending to quit in the next 30 days (P < 0.001).
Exposure to graphic health warnings did not appear to be significantly associated with higher scores in young adults. However, women had significantly higher scores than men (P < 0.001), and those who intend to quit smoking in the next 30 days had significantly higher scores than those who do not (P < 0.05). Compared with white young adults, Hispanic young adults had significantly lower scores (P < 0.05). P values in parentheses. *P < 0.05, **P < 0.01, ***P < 0.001.
Reactions to graphic health warnings in the United States Among youth, exposure to graphic health warnings was not significantly associated with higher scores. Female youth had significantly higher scores than male youth (P < 0.001). Youth who reported smoking in the past 30 days had significantly lower scores than non-smoking youth susceptible to smoking (P < 0.001).
Beliefs about health risks from secondhand smoke exposure to non-smokers Adults exposed to graphic health warnings did not have significantly different scores than those exposed to warning statements alone. Women had significantly higher scores than men (P < 0.001), and black (P < 0.01) and Hispanic (P < 0.01) adults had significantly higher scores than white adults. Moreover, adults who intend to quit smoking in the next 30 days had significantly higher scores than adults who do not intend to quit in the next 30 days (P < 0.001).
Exposure to graphic health warnings in young adults was not significant. Females had significantly higher scores than males (P < 0.001), blacks had higher scores than whites (P < 0.01), and young adults who intend to quit smoking in the next 30 days had higher scores than those who do not (P < 0.01).
In youth, exposure to graphic health warnings was not significantly associated with scores on the beliefs about health risks from secondhand smoke exposure to non-smokers scale. Females had significantly higher scores than males (P < 0.001), and black (P < 0.01) and Hispanic (P < 0.05) youth had significantly higher scores than white youth. Youth having smoked in the past 30 days had significantly lower scores than non-smoking youth susceptible to smoking (P < 0.001).
Discussion
The results presented here indicate that all nine of the selected graphic warnings elicit strong negative emotional and cognitive reactions for all three age groups assessed in the study. The negative emotional reactions are consistent with studies that find graphic health warnings or advertisements featuring graphic images of the consequences of the health risks of smoking evoke negative emotional responses [3] . The cognitive reactions are consistent with evidence from other countries that have implemented graphic health warnings that adults and young adults find graphic health warnings to be a credible source of information about the health risks of smoking [3] . We found less evidence for an effect of the graphic health warnings on the scales that measure beliefs about the health risks of smoking to smokers or the health risks of secondhand smoke exposure to non-smokers. The only statistically significant result was in the adult sample for beliefs about the health risks of smoking to smokers.
A key question is to what extent the immediate reactions we find to the graphic warning labels might lead to changes in attitudes, beliefs, intentions, or behaviors. A recent study finds that immediate reactions to smoking cessation advertisements are related to subsequent changes in cessationrelated attitudes, beliefs, intentions and behaviors [22] . That is, individuals that give higher appraisals of ad quality in terms of negative emotional and cognitive responses to the ads are more likely to show changes in key attitudes, intentions and behaviors related to the message content compared to those that give lower appraisals of message quality.
The study has several limitations. First, the sample is a volunteer opt-in sample not recruited using probability methods and thus is not representative of the US population (or the three specific subsamples of the overall US population). This limits the generalizability of the results but not the internal validity. Second, participants received a single exposure to the hypothetical cigarette pack with graphic health warning. This constitutes a low dose and almost certainly limited our ability to observe effects on intermediate and longer-term outcomes.
The labels assessed in our study did not contain any information related to availability of cessation resources (e.g. quitline number). Health communication theories suggest that combining information about cessation resources with threatening or J. M. Nonnemaker et al.
emotionally charged information is more likely to result in positive behavior change [26] . The FDA included in its graphic health warning rule a requirement that the warnings contain a reference to a quitline number. However, at the time of our study, a decision regarding this had not yet been made, and so we did not assess this in our study.
Conclusion
The strong negative emotional and cognitive reactions following a single exposure to the graphic health warnings suggest that, with repeated exposures over time, graphic health warnings may influence smokers' beliefs, intentions and behaviors.
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